Purpose: Pediatric trauma is one of the major health problems around the world which threats the life of children. The survival of injured children depends upon appropriate care, accurate triage and effective emergent surgery. The objective of this study was to determine the predictive values of injury severity score (ISS), new injury severity score (NISS) and revised trauma score (RTS) on children's mortality, hospitalization and need for surgery. Methods: In this study, records of trauma patients under 15 years old transported from a trauma scene to emergency department of Poursina hospital from 2010 to 2011 were included. Statistical analysis was applied to determine the ISS, NISS and RTS ability in predicting the outcomes of interest. Results: There were 588 records in hospital registry system. The mean age of the patients was (7.3 ± 3.8) years, and 62.1% (n ¼ 365) of patients were male. RTS was the more ability score to predict mortality with an area under curve (AUC) of 0.99 (95% CI, 0.99e1). In the hospital length of stay (LOS), ISS was best predictor for both the hospital LOS with AUC of 0.72 (95% CI, 0.67e0.76) and need for surgical surgery with AUC of 0.94 (95% CI, 0.90e0.98). Conclusion: RTS as a physiological scoring system has a higher predicting AUC value in predicting mortality. The anatomic scoring systems of ISS and NISS have good performance in predicting of hospital LOS and need for surgery outcomes.
Introduction
Trauma is one of the major health problems in the world that results in death and disability and affects all age groups. 1 It is estimated that by 2020, trauma will reach the third cause of death worldwide. 2 Over half of the deaths related to unintentional injuries occur among children less than 19 years of age. 3 Pediatric trauma is one of the major health threats in the life of children. The survival of injured children depends upon appropriate care, accurate triage and effective emergent surgery. 4, 5 There are several injury scoring systems, anatomic, physiologic and combined scores, which have been used for prediction of patients' outcome such as mortality. 6 injury severity score (ISS) and new injury severity score (NISS) as anatomic scoring systems and revised trauma score (RTS)
as a physiologic scoring system are used for predicting trauma severity. 7 Easy-to-use trauma scoring systems can be used for making good clinical decision before the patient reaches the hospital and at emergency department. These scoring systems can also be used for timely delivering medical support and preparing the patient for surgery in early stage. 8 The scores of ISS and NISS have demonstrated association with interested outcomes of mortality, length of hospital stay among adult and pediatric trauma patients. 9, 10 However, there is limited information about comparison of the anatomic and physiologic scoring system in predicting the outcome of need for surgical interventions in trauma patients. On the other hand there is no enough evidence to answer the question whether ISS or NISS or RTS is superior in predicting the patients who need surgery. Whereas it was shown that approximately half of injured patients die in the first 48 h. 11 The time for emergency surgery in clinical practice should take place as soon as possible after injury. 12, 13 In patients with traumatic shock, the time span for hemostatic surgery is one of the most important issues. 14 Some studies have shown that early surgery for patients requiring surgery results in the decrease of 1-year mortality and hospital length of stay (LOS). 15, 16 In Iran, trauma is the second leading cause of death in all ages and there is need to pay more attention to traumatic patients in order to provide right and timely services for needed patients.
This study aimed at evaluation of RTS as a physiologic trauma score in comparison with ISS and NISS in pediatric trauma patients outcomes including death, LOS and need for surgery interventions.
Materials and methods

Study design and setting
This is crossing sectional study which is based on the pediatric trauma patients who admitted in emergency department of Poursina hospital, Rasht, Iran from 2010 to 2011. The used data were: demographic characteristics (age, sex), injury (type of injury, mechanism of injury, organs affected by trauma, mode of transport), patient's hospital LOS, surgery intervention and mortality rate. Data were collected anonymously to respect the ethical consideration.
Participants
All participants were traumatic patients older than 14 years, who were referred to emergency department of Poursina hospital in city of Rasht in the years of 2010e2011.
Data gathering
The required data was derived from the hospital information system to compare the ISS, NISS and RTS scoring systems for predicting the pediatric trauma patient's outcomes of mortality, LOS and need for surgery. The scores of ISS and NISS are derived from the Abbreviated Injury Scale (AIS). ISS is calculated by adding the squares of the three highest AIS values in three different body regions and it ranges from 1 to 75. NISS is calculated by the sum of the square of AIS value of each patient's three most severe injuries despite the origin of injury. 17 RTS is based on Glasgow coma scale (GCS), systolic blood pressure and respiratory rate and it ranges from 0 to 7.8408 (Table 1) . 18 The formula of RTS is
Statistical analysis
The ability of each score in predicting the mortality, hospitalization and need for surgery was evaluated by ROC curve. The scores of ISS, NISS and RTS were compared by sensitivity, specificity, cutoff points according to the AUC with a confidence interval of 95%. All statistical analysis was performed by SPSS (ver. 18). The significant level was considered at 0.05.
Results
Among the 588 children aged 0e14 years referred to emergency department of Poursina hospital between the years of 2010 and 2011, 365 were boys (62.1%) and 223 girls (37.9%). The mean age of patients was (7.3 ± 3.8) years (ranging from 3 months to 14 years). The most common causes of injuries were traffic accidents (n ¼ 248, 42.2%) and falling (n ¼ 234, 39.8%); the most common injured area was extremities (n ¼ 546, 92.9%), followed by head and neck (n ¼ 161, 27.4%). Of the 588 cases, 574 (97.6%) were discharged from hospital and 14 died (2.4%). Of the total traumatic patients who transferred to the hospital, only 132 (22.4%) were transported by ambulance, while 436 (77.6%) by personal vehicles. Different surgical procedures were performed in 273 patients (46.4%). The mean length of hospital stay was (3.2 ± 6.3) days. Eleven patients needed ICU care. The mean length of ICU stay was (11.7 ± 12.3) days. Characteristics of traumatic children are presented in Table 2 .
Prognostic values of trauma scoring systems
The scoring systems had significant differences in both groups. The mean scores of ISS and NISS were higher in dead patients compared to alive ones. The observed difference was statistically significant (p < 0.0001, Table 3 ).
Considering the need for surgical procedures, the trauma scores were analyzed and compared in two groups. The mean scores of ISS and NISS in children who required surgery were significantly higher than the children who did not need operation. The mean score of RTS was higher in children who did not need surgery compared to the other group (Table 4) .
RTS was found to be the best score in predicting mortality among two other scores with an AUC of 0.99 (CI: 0.99e1). In predicting the length of hospital stay and need for surgical procedure, ISS had the strongest ability with an AUC of 0.72 (CI: 0.67e0.76) and (Table 5) . ROC curve illustrates the sensitivity, specificity of trauma scores and determine the prediction value of mortality, hospital LOS and need for surgery (Figs. 1e3) .
Discussion
Trauma in children is one of the major health problems that threat the life of children. Timely trauma care has an important role in surviving the patients. The scoring systems can be used for timely delivering medical support and preparing the patient for surgery in early stage. 8 The most frequently used ones are general scoring systems used in both adult and pediatric patients. In our study, we evaluated the relation of ISS, NISS, RTS with mortality, hospital LOS and need for surgery in pediatric patients. This study is the first research which aimed to examine the performance of ISS and NISS as anatomic scoring systems in comparison with RTS as a physiological scoring system in predicting need to surgery beside the hospital LOS and mortality. In this study, RTS showed highest sensitivity and specificity at cut-off value of 4.8 for mortality. In hospital LOS and need for surgery outcomes, ISS had highest value at cut-off 12.5 and 16.5, respectively. According to our findings, RTS showed highest sensitivity (99%) at cut-off value of 4.8 for predicting mortality. On the other hand, ISS has sensitivity of 92% and specificity of 65% at cut-off 15 in predicting mortality. Also, NISS has sensitivity of 91% and specificity of 65% at cut-off 17.5. In comparing these two scores in pediatric trauma patients, Grisoni et al. 18 found similar predictive values for ISS and NISS for mortality. The findings of a study showed that NISS had sensitivity of 53.3% at cut-off value 39.5 and specificity of 54.3% for predicting mortality. 8 The observed difference in cut-off value of anatomic scoring systems between our study and other study can be due to delay in delivering the medical care to injured patients.
Although the sensitivity and specificity values of ISS and NISS were similar, the findings of some previous studies showed that in pediatric trauma patients who were not severely injured, the NISS performed as well as the ISS in predicting mortality. 19 From clinical point of view, NISS has several advantages over the ISS. In all injuries, NISS gives equal priority even if injuries occur in the same body region. Our findings showed that the AUC value of ISS and NISS were similar and greater than RTS value of AUC. This is discordant with Tamim et al. findings which have shown that ISS had a better performance than NISS in predicting the length of hospital stay. 21 On the other hand, some studies have shown that NISS has better performance in predicting hospital LOS than ISS. 9, 10 In our study, 5.75% of patients need for surgery. In a study, emergency operation was done in 17% of patients. 22 Although the RTS as a physiological scoring system had higher predicting AUC value in predicting mortality, the anatomic scoring systems of ISS and NISS had good performance in predicting hospital LOS and need for surgery. In a study by Kaufmann et al. 23 the ability of RTS in predicting the need for operation was considerable. According to findings of the meta-analysis study, earlier surgery was associated with a lower risk of death. In addition, it seems that there is a need for more research to examine the scoring system ability in predicting the hospital LOS and need for surgery in traumatic patients.
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RTS as a physiological scoring system has higher predicting AUC value in predicting mortality. The anatomic scoring systems of ISS and NISS have good performance in predicting hospital LOS and need for surgery.
